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}	 1.0 INTRODUCTION
The purpose of this report is to document the data from the
development of the X-band Slotted Array Test Panel, X-band Array Test
Fixture, and the X/L-band Test Fixture for the SIR program. This contract,
NAS 9-15611, was completed for National Aeronautics and Space Administra-
tion at the Lyndon B. Johnson Space Center, Houston, Texas.
The objective of the program was to build an X-band array and install
with an existing L-band module in such a way as to permit antenna pattern
measurements in a series of nonplanar configurations that might simulate the
thermal effects of nonuniform solar illumination on the array in a space
environment. This was accomplished with eight X-band subpanels mounted
adjacently on individually adjusted supports which were then co-mounted to a
larger frame which served to mount and physically distort the existing L-band
module.
The L-band module is an array section that was fabricated on a Hughes
IR&D program to demonstrate the performance capabilities of a slotted wave-
guide array at L-band frequencies. It is being loaned to NASA to be used on
the distortion fixture. The L-band module was built to demonstrate high RF
efficiency and not the mechanical fabrication techniques applicable to space
application. Therefore, it is a heavy electrical breadboard unit.
This report contains descriptions of test configurations and test data
collected. The appendices to the report contain additional test data, draw-
ings, and mechanical analysis.
2. 0 UNIT DESCRIPTIONS
4
z.
2.1 BACKGROUND AND GENERAL DESIGN
The planar array antenna configuration offers many advantages
compared to reflector antennas when microwave efficiency, precise control
of the beam shape, and stowed and deployed volumes are important considera-
tions. Of the potential planar array configurations available, those with
waveguide-excited slots provide better performance than arrays of printed
circuit radiators or dipole radiators because.the dissipative losses asso-
ciated with the waveguide feed system can be made to be very small. The
basic design considerations for waveguide slotted arrays are reviewed in
this section, with emphasis on those design requirements that are most
significant in both airborne and spaceborne synthetic array radar (SAR)
systems. As an illustration of both design procedures and performance
capability of slotted waveguide planar arrays, an L-band planar array was
designed, fabricated, and tested. This array has an aperture approximately
one meter wide by two meters high and was designed to be a typical submodule
of a larger antenna. Measurements of radiation patterns, gain, and VSWR
were recorded and are presented in Appendix E, together with the perfor-
mance characteristics predicted on the basis of theoretical analysis.
2. 1. 1 Planar Array Advantages
The use of planar array antennas for large spaceborne SAR systems
has many advantages compared with reflector types of antennas. These
advantages include high aperture efficiency, precise control of the aperture








freedom from nonuniform solar illumination caused by feed shadowing, and
reduced surface tolerances. The last are permissible because the aperture
acts as a generator or source of the microwave energy rather than as a
reflector. The use of slotted waveguide and waveguide feed structures has
the further advantage of extremely low dissipative loss. In addition, there
is a wealth of design data, computer programs, and experience available
for slotted array design that generally assures achievement of predicted
performance levels.
An example of an X-band array that was designed, fabricated, and
space-qualified for 4 SAR application at the Hughes Aircraft Company some
years ago is shown in Figure 2-1. This antenna, which was roughly
7. 27 meters (24 feet) long by 1. 2 meters (4 feet) high, was found to have
outstanding microwave performance characteristics, most of which were
directly attributable to the use of a waveguide feed and slotted waveguide
radiating sections. A portion of this report is a feasibility demonstration
model of a planar array with a similar design configuration but developed at
L-band. It is shown that, at L-band as at X-band, the slotted waveguide
type of planar array can provide superior performance.
1t
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Figure 2-1. Space-qualified X-band array for SAR applications.
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2. 1. 2 General Design Considerations
Typical SAR system requirements call for a radiation pattern with a
fan beam shape, with the antenna oriented so that the broad section of the
beam provides the desired swath coverage. The fan beam pattern require-
ment naturally leads to the use of a long narrow aperture of the type shown
in Figure 2-1. Typically in a planar array, the aperture is divided both
electrically and mechanically into a number of modules or subarrays, as
shown in Figure 2-2. The modules are electrically combined with a corpo-
rate feed structure as indicated. The subdivision of the aperture provides a
useful frequency bandwidth, allows for thermal expansion joints to prevent
aperture bowing, simplifies fabrication of the antenna, and facilitates folding
if required for stowage during launch and retrieval.
MODULE	 CORPORATE FEED (PROVIDES











Figure 2-2. Subdivided aperture.
1
P In Figure 2-3, it is possible to see most of the essential details of
	
1
the construction of a single module of an array. In practice, the modules in
a given array are usually identical, so that Figure 2-3 actually characterizes
	 z
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Figure 2 .3. Typical module construction.
are formed from resonant slots cut in the broadwalls of a number of sections g
of waveguide.
	 Each section of waveguide thus becomes an individual linear
array.	 The module aperture is formed by joining these waveguide sections t
together in the manner illustrated.
	 The individual linear array elementsare
slot coupled to a cross feed guide that runs across the back of the module.
The cross feed is in turn slot coupled to a flanged module feed guide section.
This feed guide is the common feed point for all the slots in a given module.
.j
-
In the module configuration of Figure 2-3, it is generally most con-
a	
a
-	 venient to employ a resonant, or standing-wave design, for both the cross
feed and the linear array element guide sections.
	 For good pattern charac-
teristics to be obtained over a wide frequency range with this type of design,
-
the number of elements that appear in series in any given element must be ^.
limited.	 Typically, for example, it has been found that square arrays of
16 slots can provide useful bandwidths of about 13 percent.
^The aperture distribution. In h
	 the slot array can be tailored to provide
precise control of the ant -u,;
	 beam shape.	 The mechanisms for such con- a
'	 trol are simple:
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controlled by the amount the slot is offset from the centerline of the waveguide*
in which it appears, the power coupled from the cross feed to any individual
linear array element is controlled by the angle at which the coupling slot is
cut with respect to the guide axis, and the resonant frequencies of the slots
are determined by the slot lengths. 	 In the interest of mechanical simplicity,
it is common to use separable aperture distribution functions in the E- and
H-.planes; this approach leads to a design in which all waveguide array ele-
ments have identical radiating slot patterns.
An indication of the degree of flexibility possible in the design of the
module is provided by the equivalent circuit representation of Figure 2-4.
Each of the slot suseeptances is individually controllable, as is the impedance
transformation ratio of each of the coupling slots. 	 Thus, various design con-
-	 figurations involving both different aperture distributions and different inter-
-	 nal impedance levels can be easily realized. 	 Because both radiating and
coupling slot characteristics are well documented on both theoretical and
experimental levels, design of a module for any desired set of pattern,_
bandwidth, gain, and impedance characteristics is a straightfoward process.
In general, the effects of such factors as mutual coupling between slots are
accounted for during the design process by the use of the appropriate slot data.
O
The design procedure for most cases can be summarized neatly:
•	 The antenna gain and pattern requirements determine the aper-
ture size and shape. ,a
•	 The radar signal bandwidth requirements then established the
maximum module size.
•	 The radiating and coupling slots are then selected to generate
the aperture distribution corresponding to the- beamshape
requirements, r
•	 The impedance levels and resonant frequencies of the slots are
T	 designed to provide a good input impedance match.
1 w z	 ;
44l	 2. 1. 3 Multipactor and Ionization Breakdown
n
A common problem with waveguide antennas for space applications
is the multipactor and ionization breakdown.	 The multipactor problem





















Figure 2-4. Equivalent circuit of module.
approach waveguide dimensions. Ionization breakdown can occur as a result
of localized atmosphere around the vehicle. Each of these subjects were
considered at the beginning of the contract and are summarized in Appendix F.
2.2 X-BAND SLOTTED ARRAY TEST PANEL
F
The X-band Slotted Array consists of eight subpanels and a three
piece eight-way waveguide power divider which all mount to a flat plate sur-
face. Eight flex waveguides are used between the feed and subpanels to allow
subpanel movement. This assembly can be seen in Figure 2-5. Detail
drawings for the assembly are found in Appendix A.
2.3 X/L-BAND TEST FIXTURE
The X/L -band Test Fixture is a large frame that will hold the




The L-band panel is a scaled version of the X-band panel. This assembly
can be seen in Figures 2-6 and 2-7 with the X-band Slotted 'Array mounted
	 -
















Figure 2-6. X/L-band test fbmire — front	 Figure 2-7. X/L-band test texture — side
view on range mount.	 view on range mount.
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3. 0 ELECTRICAL TEST CONDITIONS — X-BAND PANEL
3.1 INPUT VSWR
The input VSWR of the X-band Panel Assembly was measured at the
waveguide step transition flange using a slotted line. This flange can be
identified in Figure 3-1 between the step transition and attenuator (see arrow).
Ln
`	 A
\,, \	 _	 \\	 D
Figure 3-1. X-band panel assembly.
(Input VSWR measured at the wave-
guide step transition input)
OR'(;1NAOf POOR PAk,r ;;{ ^ 	 dS
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The gain. of the X-band Panel Assembly was measured at the
waveguide step transition and referenced to an isotropic source by using a
`Scientific Atlanta standard gain horn. 	 This flange can be identified in Fig-
ure 3 - 1 between the step transition and attenuator.
3.3 PATTERNS
E-plane and H-plane patterns were measured and recorded with the
eight sub-arrays adjusted to a flat configuration.	 E-plane. patterns were
recorded t90 and f30 degrees.	 All patterns were taken from 9. 3 to 9. 8 GHz
in 0. 1 GHz increments.	 Appendix B contains the recorded patterns.
3.4 CROSS PC+ .;ARIZATION
The available sources for cross polarization measurements included 1
only dish radiators. 	 The cross polarization measurements were not made' P
because the dish radiators were known to produce significantly poorer polari-
zation purity than that expected from the array. 	 In the experience of Hughes
Aircraft Company, such planar arrays easily exhibit cross polarization
better than -30 dB with typical figures being -40 dB.
r^
3.5 BORESIGHT
Cadmium-plated steel mounting were provided on the X= band Panel
Assembly (see Figure 3-1 lower left hand corner of mounting structure) and
X/L-band fixture (see Figure 2-6 lower left hand side of fixture).
	 Both
plates were finished with a 0.002 inch flatness.
	 These plates were chosen
to accommodate NMSU I s magnetically mounted boresight mirror.
	 Hughes =
does not use this type of boresight instrument and a boresight measurement
was not made.
	 Also, the intended use at NMSU was believed to be for estab-









4. 0 TEST RESULTS }
4. 1 X-BAND SLOTTED ARRAY TEST PANEL
The panel input VSWR and gain are shown in Figures 4-1 and 4-2.








	 9.4	 9.5	 9.6	 9.7	 9.6	 Y9
FREQUENCY,GHx
a
VSWR X—BAND ARRAY WITH WR 90 ADAPTER
Figure 4-1. X-band panel assembly input.
1	 half height step




GAIN X-GAND ARRAY WITH WR 90 ADA"ER
Figure 4-2. X-band panel assembly.
(Gain measured with the step
transition)
.^1
4. 2 L-BAND ANTENNA SUBPANEL
	 (.










The X-band Array Antenna Test Panel is a good working tool for
investigating the aperture distortion versus performance degradation relation-
ship. The panel performance is optimum over approximately 300 MHz from
9.4 to 9. 7 GHz. This is concurrent with the original breadboard module
performance and does not represent any design iteration to improve the
module over a wider bandwidth. All X-band modules were conotructed_.from












` Drawing No. Drawing Title Page
3499210 SIR X-Band Subpanel A-1, 2, 3
3499211, Assembly Drawing A-4
3499214 Plate, Mounting SIR X-Band A-5
3499215 Nut, Adjustment A-6
f 3499216 Bracket, Waveguide ,A-7
t 3499217 Waveguide Feed Assembly, SIR A-8
3499218 FLEX Waveguide - SIR A-9
3499219 SIR X-Band Transition A-10
3499220 Backup Structure A-11
3499221 Pedestal, Backup Structure A-12
3499222 Z -Clamp, AWSOE Antenna A-13
3499223 Shim and Spacer A-14
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I3 B. 1 X-BAND ARRAY MEASURED RADIATION PATTERNS
The following sequence of 24 radiation pattern plots describes the
` behavior of the array of eight modules over the frequency range from 9. 3 GHz
to 9.8 GHz in the two principal planes.
D LIST OF RADIATION PATTERNS
Sequence Pattern Page
7 H Number Number Frequency Plane Comment Number
1 1 9.7 Horiz. ±90 degrees B-2
2 2 9.7 Horiz. f30 degrees B-3
3 4 9. 7 Vert.. ±90 degrees .B-4
1 4 3 9.7 Vert. ±30 degrees B-5
5 6 9.6 Horiz. ±90 degrees B-6
r
6, 5 9.6 Horiz. ±30 degrees B-7
7 7 9.6 Vert. ±90 degrees B-8
8 8 9.6 Vert. ±30 degrees B-9
9 12 9.8 Horiz. ±90 degrees B-10
10 11 9.8 Horiz. f30 degrees B-11
11 10 9.8 Vert. ±90 degrees B-12
12 9 9.8 Vert. ±30 degrees - B-13
F 13 13 9.5 Horiz. f90 degrees B-14
14 _	 16 9.5 Horiz. ±30 degrees B-15
' 15 15 9. 5, Vert. ±90 degrees B-16
16 14 9.5 Vert. ±30 degrees B-17
17 18 9.4 Horiz. ±90 degrees B-18
y;
18 17 9.4 Horiz. ±30 degrees B- 19
19 19, 9.4 Vert. ±90 degrees B-20
20 20' 9.4 Vert f30 degrees B-21
21 23 9.3 Horiz. ±90 degrees B-22
I' 22 24 9.3 Horiz. ±30 degrees B-23
i 23 22 9.3 Horiz. f90 degrees B--24
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B.2 ANTENNA PATTERN PREDICTIONS
f
r
Small gaps exist between the array modules to allow for thermal 	 "`r
distortion. To demonstrate that these gaps do not degrade the microwave
ik
performance, array patterns were computed for a number of different' inter-. 	 z ^
module spacings. The aperture distribution was assumed to be uniform in 	 ti #
the E-plane, and -1.6. 5 dB Taylor with n = 3 in the H-plane. The computed
patterns all meet the design goals ofbeamdidth and sidelobe-levels. Fig-
ures B-1 and B-2 show the results for inter-module spacings of 0. 0 and 	 ^ f
0. 02 inch, respectively. A; module separation of 0. 06 inch, such as is
planned for the array, produced the pattern of Figure B-3. There is no
unacceptable degradation of the important pattern features although, as
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Figure Bl 0.0 Inch subpanel separation.
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Figure B-3. 0.06 Inch subpanel separation.
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s^
tB.3 RF FEED COMPONENT MEASURED PERFORMANCE
-	 B. 3. 1 Input Waveguide Transformers }
Four transformers, each with four steps, have been fabricated and , r
tested for transitioning between the half -height waveguide and full-height
waveguide.	 Two of the units will be delivered with the antennas to facilitate'i
testing at NMSU.	 Figures B-4 through B-9 show the test date for all units
which include VSWR and insertion loss. 	 The insertion loss measurement
was made with two units paired back to back registering twice the normal
insertion loss.
s^
B. 3. 2	 Corporate, Feedr
The eight -port binary corporate feed was designed for low VSWR, w
equal power division ratio, and uniform phase at the outputs. 	 With all outputs
terminated rn dummy loads and one of the waveguide transformers used at the
input port, the RF signal reflection at the input was
.
 recorded as given in the
VSWR plot shown in Figure B-10. 	 The power output at each of the eight ports
relative to the input is provided in Figures B-1',1 through B-,13,; in a perfect,
lossless feed, each output would exhibit a -9. 03 dB coupling ratio.
	
The phase
at the output ports at 9. 7 GHz is provided in Table B-1, showing a maximum
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Figure B-5. Measured. VSWR of 4-step transformer S/N 2.
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tz{
w Figure B-8. Measured insertion loss of 4-step transformers S/N 1 and S/N 2.
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Figure B-10. RF signal reflection at the corporate feed input port.
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TABLE B-1. SIR X-BAND CORPORATE FEED- PHASE AT THE






















INSTALLATION AND ASSEMBLY INSTRUCTIONS
IJ!
C.. 1 X-BAND SLOTTED ARRAY TEST PANEL
The assembled array is shown in Figures 2-5 or 3-1. The mounting
plate (3499214, Apperdix A) has been configured with a hole mounting pattern
that allows the eight subpanels to be mounted adjacent to each other. Each
subpanel is supported on four stainless steel 10-32 screws with eight large
adjustment nuts (3499215, Appendix A) as seen in Figure C-1. The height of
each subpanel can then be adjusted using a depth gauge or height gauge between
the subpanel and mounting plate. This was designed to allow for f0. 25 inch





The feed (3499215, Appendix A) is formed from three pieces that are
screwed together at the flanges. Note that the feed flanges and subpanels
have been numbered 1 to 8, reading from right to left, to duplicate the assem-
bly as tested at Hughes Aircraft Company. No identification was assigned to
the flex waveguide. The feed is supported above the mounting plate by seven
brackets (3499216, Appendix A), which can be seen in Figure 3-1. Note that
the mounting plate has been fabricated with two sets of mounting holes for the
seven brackets, which allows the flex waveguides to be removed and the feed
to be directly mounted to the subpanels.
A cadmium-steel plate has been bonded to the corner of the mounting
plate with clearance from the feed to provide the mounting surface for a
magnetically mounted boresight optics. This surface will provide the repeat-
able boresight for the subpanel adjustment.
C.2 X/L-BAND FIXTURE
The assembled X/L-band Fixture is shown in Figures 2-6, 2-7, C-2,
C-3 and C-4. The X/L-band Fixture was designed to be assembled in the
horizontal position with the array and L-band module radiating apertures fac-











Figure C-3. X/L-band fixture showing mounting bolts
for X-band mounting plate.
#-t
Figure C-4. X/L-band fixture side view of base mounting.
C-3
The assembly sequence should be to first mount the Backup Structure
(3499220, Appendix A) to the Pedestal (3499221, Appendix A). 	 This may be
done on the ground or, if necessary because of the crane size available, dome
on the range mount. 	 In the horizontal position the X-Band Test Panel assem-
bly of Section C. 1 may be mounted to the Backup Structure with the six bolts
supplied and spacers either before or after the L-band Module has been
•	 secured.	 The L-band module is first assembled with a customer supplied
waveguide to coax transition mate with the Hughes supplied step transition
between regular WR 510 waveguide and the module waveguide. 	 The end spacers
(3499223-3, Appendix A) are then located where the ends of the L-band Module
will seat and the module is placed on the spacers, with the input waveguide
pointing toward the X-band Array as seen in Figure C-4.
	
Note that for later
bending, the middle shim/spacers (3499223-1-2, Appendix A) may be added
with the end spacers. 	 All shims and spacers are preliminarily aligned by the
safety bolts on one side of the module xvhich go through the module, shims,
spacers, and backup structure to keep them from .falling off the assembly
should they be loosened.
Last, the Z-clamps (3499222, Appendix A) are attached and aligned
to avoid interference with the drive screw heads on themo d ule surface. 	 The
Z -clamps are relieved to clear the drive screw heads. 	 Because the Z -clamps
do not seat during the initial clamping, a secondary tool to hold the Z-clamps i
from slipping off the array is necessary.	 Large furniture clamps orbar
stock with set-screw blocks can be used to hold the Z-clamps into the L-band
module until the Z-clamps have been seated against the backup structure.
The Z-clamps are tightened/ torqued evenly to bend or secure the L-band
module.
An Alignment Plate (3499224, Appendix A) is mounted on the side of
the backup structure as seen in Figure C-2.
	
This plate is used and adjusted
on the range to provide a repeatable surface for mounting the boresight optics.
The plate is mounted with two bolts through clearance holes which allow some








D. 1 Structural Analysis of the L-Band Array Test
i Fixture
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D. 1 STRUCTURAL ANALYSIS OF THE L-BAND ARRAY TEST FIXTURE
F" >	 D. 1. 1	 Introduction
a
An analysis was performed to evaluate the structural performance of
x the L-BAND Array Test Fixture, shown in Figure D-1. 	 The test fixture
assembly includes two Z clamps, an I-beam backup structure, and an
adapter (pedestal) framework.	 The Z -clamps and I-beam backup structure
are fabricated from A-36 structural grade steel	 The pedestal framework
is a welded structure made of 6061-T6 aluminum alloy. 	 The test fixture
mounts on a pattern range pedestal.	 The fixture is designed to provide a
means of displacing the center of the L•-band array a maximum 0. 25 inch,
relative to the edges, as shown in Figure D-2. 	 The analysis included the
following:
•	 Determine the required thickness of the Z-clamp web to provide
edge support to the L-band array. 	 The Z-clamp should permit
simple-support rotation of the edge.
•	 Determine the overall. deflection and rotation of the test fixture
assembly due to lateral gravity loading (zero degree elevation).
A rotation of 0. 004 radian was permissible (reference W. Feng).
D. 1. 2 Summary and Recommendations
•	 The recommended web ` thickness for the Z-clamp is 0. 250 inch. i=
This will provide adequate support of the edge of the L-band
array without overly constraining edge rotation. 	 Overall elastic
deformation of the edge support is' 0. 05 inch. - The required y
shim height to provide displacement of the array must allow for
the elastic deformation of the edge supports.
p	 •	 The calculated bolt load for the Z-clamp is 1206 lbs. per bolt.The recommended bolt size is 1/4 inch (FT	- 125 ksi).	 Provide
flat washers between the bolt heads and the Z-clamp to minimize
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• Overall displacement (rotation) of the fixture assembly is pri-
marily due to flexure of the pedestal base plate. The required
thickness is 0. 50 inch, which limits fixture rotation to
0. 0036 radians.
• The recommended cross-section for the diagnonal members of the
pedestal is as follows: channel section, web height = 3. 0011,
web thickness = 0. 13 11 , flange height = 1. 5 11 , flange thickness
= 0. 20". This is a standard available shape. The channel section
will provide adequate :buckling resistance.
• The total weight, as determined by NASTRAN, is 799 lbs. The
weight breakdown is given in Table D-1 below.












• The bending moment at the interface with the pattern range
pedestal is 19730 in-1b.
D. 1.3 Discussion
Detailed calculations are provided in Sections D. 2 through D. 4.
Table D-2 gives material properties pertinent to the analysis.
D. 1. 3.1 Z -Clamp Analysis
The following assumptions were made.
j
	
	 1. 4000 lbs is required to displace to center of the L-band array
relative to the edges (reference W. Feng).












TABLE D-2 MATERIAL PROPERTIES'
Material
A36 Steel 6061-T6 AluminumProperty
Young's Modulus (X 10 6 PSI) 30.0 10.0
Shear Modulus (X10 6 PSI) 11.0 3.8
FTU (KSI) 55.0 42.0
FTY (KSI) 36.0 34.0
E
*R:eference: MIL Handbook 5-B, "Metallic Materials and Elements
r Aerospace Vehicle Structures", 15 September 1976.
3. Out-of-plane bending of the backup structure is small relative
to the distortion of the Z-clamp (reference W. Feng).
It was found that a web thickness of 0. 25 inch is sufficient to provide
Adequate support of the array while allowing edge rotation. The flange tip
deflection is 0.017 inch. The total edge deflection, including twisting of
the supporting I-beams, is approximately 0. 05 inch at the center of the span
of the Z -clamp. Hence, in order to attain a relative deflection of 0.25 inch,
the center shim should be approximately 0. 03 inch. The web bending stress
,k	 due to the clamping load is 7700 psi. The margin of safety for A36 structural.
carbon steel is +3. 68. Maximum bolt load is 1206 lbs. The recommended
fastener size is 1/4 inch (F tu = 125 KSI).
D. 1.3.2 Fixture Deflection
In order to facilitate a deflection analysis, a NASTRAN finite element
model was developed for the pedestal framework. The model consisted of
16 plate elements and 30 beam elements. Plots of the grid point and element
locations are given in Figures D-3 and 
D-
4, respectively. The base plate was





 S. THETA Y• 20. THETA X • -75.
-'j
{S
A total weight of 635 lbs. was located at the combined center-of-
gravity of the L-band array and I-beam backup structure, which were
assumed to be rigid. 	 The center-of-gravity was located at a height of
30 inches above the base plate of the pedestal framework. 	 A gravity load
was applied in the lateral (X) direction. 	 The results are summarized below.
!i Case 1	 0.25 inch base plate
3. 00 x 0. 125 inch diagonal members
86 inchThe lateral deflection due to gravity loading was 0.	 at the c. g.
of the L-band and backup structure.
	 This was deemed excessive. 	 97. 1 per-
cent of the strain energy was accounted for in out-of-plane bending of the
base- , plate.	 In addition, the diagonal members carried a maximum com-
pressive load of 234 lbs. , which exceeded the allowable buckling load of
43.4 lbs. (see appendix).
Case 2	 0. 50 inch thick base plate
3.00 x 1.5 channel diagonal rnerv.ber
Since flexure of the base plate accounted for 97 percent of the strain
energy, doubling the thickness reduced the overall deflection by nearly a
Thefactor of 8, as expected.
	
 -0. 12 inch deflection was fudged acceptable.
The maximum compressive load in the diagonal members was reduced to
226 lbs._ The allowable buckling load is 19,550 lbs.	 The maximum stress
in the base plate was 1600 psi.
Because of the gross mesh size of the finite element model, accurate
r
resolution of the peak plate stresses is not possible.	 However, peak stresses
in the plate will be small compared to the allowable of 35 ksi (reference




margin of safety is >> 1.0.
D-7
i
D.2 Z -CLAMP ANALYSIS
D. 2. 1 L-Band Array, Z-Clamp
REFERENCE; HAC Drawing 3499222, Z-CLAMP, AWSOE ANTENNA
2.666
Z-CLAMP provides support to L-band
TBD
Array along edge, as shown in Figure D-5	 r '
^
below. Determine required thickness of
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Assuming simply-supported edge conditions, determine edge




Given: 4000 lb. center load (conservative, W. Feng) to displace 0.25 inch
Calculate EI of array.
3	 3
- 8EI ^ EI 48
EI _ (4000)(83)3 = 1.91 x 10 8
 lb in48(.2 5)
5 x	 Then
e _ PL2 (Ref Roark, Formulas for Stress & Strain)
16EI
4x 103 83








Determine displacement of flage of Z-clamp due to edge restraint forces'.









`-	 M2 - 80.34	 X2
X3
	
M2 - 1.665	 ..i._._I








_ 48.26 X 1 O	 - a




I1 =I3 ='12 = 1.30x 10 -3 in /in




1041N -#/IN 	 3	 Mmdx.
1	 Elii=
	










..	 PX (X) dX'
	
80. 34(1 . 665) dX^








3 1. 665	 3.75	 3	 .5
	
Px	 133.8x	 1	 Px	 1.665 2 80.34x21
	
a	 E^ = 31 	 + I	 + 1 : (133. 8x + 3 + 2 Px + 2	 J
	1 	 2	 3
48.25(1.665) 3	133.8	 1 (133.	 48.25	 3
	
EA	 3I	 + 1	 (3. 75) + 	 8(. 5) + 3 	(. 5)
	
2	 3
+1.665 (48.25)(.5)2 + 80.34(.5)2
j
x^
74.25 501.8 1ELF = r- 	 12 + 13 (66. 9 + 2.01 + 10.04 + 10.04)
EA 74.25 + 501.8 + 89





0.1 8.3-5 0.63 0.21
0.15 2.8-4 0.192 0.064
0.2 6.7-4 0.087 0.029-
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6 (RAD) 2s (in)
Alum Steel Alum Steel
0.1 8.3-5 0.36 0.12 0. 68 0.23
0.15 2.8-4 0.108 0.036 0.2 0.07
0.2 6.7-4 0.045 0.015 0.084 0.028
0.25 1.3-3 0.024 0.008 0.043	 - 0.014
S
D. 2. 2 Estimate Rotation of Flange




where M = 80.34 in
3.75
^ = ML 
=— a	 2EI






Calculate Lateral Deflection Due to Gravity
F Assume complete fixity at bolt line
' Matl' - Steed	




e -PL 3	 L(PL) (L)	 EIW	 W	 W	 F 	
-3EIWEB	EIF	 A - R8
_x-^N
=	





r A = 0. 003 + 0. 0012 = 0. 0042
F
^^77
Lateral deflection due to gravity load is small.
r;
It has been assumed that the I-beam backup structure (see Fig-'
ure 1 and HAC drawing, 3499220) provides total moment fixity to the Z-clamp
at the bolt line.
	
Now, estimate maximum rotation of the I-beam (6112. 5).
Assume uniform moment distribution along length of beam. 	 Also assume
j
beam fixed at ends.
(Reference:	 Restrained torsion of open sections, Design of Steel Structures,













D. 2.5 I-BEAM (6112.5)
2bt 3 + h 3
104 1N•LBAN	 FK
Y
AREA- 3.6/IN2	 K	 2(3.3) (0.36) 3 + 6(0.23)3
1.o	 Ix - z1.a	 T	 3
EST IY-1.8









For a fixed - fixed beam with uniform twisting moment, the angle of twist
is given by
= 
mLa - sinh z + tanh I' cosh Z + Z - Z2 - tanh LGKT	a _ 2a	 a a aL	 2a
_.
The twist at each end is zero, maximum at center /L\2 
in-1b	 _ EKB _	 3Ox106 19.4) _	 2M = 104 in	 a	 GK _	 - 0.^T	 (11.2x10 )(.127)
L = 44
2




L _ 104(44)(20.2)	 sink 1.09 + tanh 1. 09 cosh 1. 09 + 1. 09i	 + MAX, 2 -	 a(11.2x10 )(.127)
- 0.545 -' tanh 1.091
*MAX = . 065 [-1.. 319 + 0. 7969 (1.6555) + 1. 09 - 0.545 - 0.7969
AMAX = .065 (-0.25Z)
	
rad
This calculation assumed that the moment was applied about the centroidal
axis. Since the moment is introduced at the flange, estimate local
distortion of flange.
(;	 Assume cantilever beam, L = 1.0 , tip moment
l
8 =- EI	 104(l. 0) 3 = 0. 0009 rad
(30x10 )(0.36) 12
SMALL
TOTAL= 0. 016 + 0. 0009 = 0. 017 rad
1
,.^	 Estimate rigid body rotation of Z-clamp due to distortion of I-beam. This
is conservative since it was assumed that I-beam does not rotate at end.
6 1	61 = R^ = (1. 67) (0. 017) = 0. 03 in
1..666 -^
`	 3.75	
r This displacement is additive
	







To attain a 0.25" relative deflection (center to edge) of the L-band
array, one must compensate for the elastic deformation of the edge supports i
(i. e. , Z -clamp, I-beam). The elastic deformation (tip deflection) is




*NOTE: Due to additional flexibility of the backup structure not accounted
















. 063 -1.5 .063 1.5
PLANE 1REF	 E 1	 E2	 F1	 F2
-.063	 1.5	 -.063	 -1.•5
^	
3
Area = 3(. 125) _.375 in2 I1 = 3 (0 12L5) = 4.88x10 -4 in4
I2 	 (0. 12 5)(3)3 = 0.281 in 
3
J = 3(03125) = 1. 95x10 3 in4




C1	 C2	 D1	 D2
c	 n	 0. 125 -1.5 0.125	 1.5




E 1	 E2	 F1	 F2
I
PLANE -0.125	 1.5	 -0. 125	 -1._5
Area = 3(0.25) 0.75 in2
	
3	 a{	
I1 =30225 =3.91x10 -3
 in4















x.	 D. 3.3 Upright
3.0 TYP
c °	 C 1	 C2	 DI	 D2	 El	 E2
0.82	 -0.82	 0.82	 2.18	 -2.18
	 -0.820.188 TYP
•-^- PLANE 2	 I'' 1	 F2
PLANE 1
E
2	 -	 -	 3 2 +0. 188(2.81)Area = 0. 188 (2)(2. 81) = 1. 06 in
	 X = Y = -	 - 0.82
_	 2(5.81)
IX = IY = 1	 [0. 188(3-0.82) 3
 + 3(0.82 )3 - 2. 81(0. 82 - 0. 188)3]3 1
IX_IY=3 [1.95+1.65-0. 709] =0. 963 in4
,^. J=3 [3+2.81] (0.188) 3 =0. 013 in4
D. 3.4 Diagonal Channel (Alternate)
C1	 C2	 D1	 D2	 E1 ..
30 0.5	 -1.5	 0.5	 1.5	 -1.00.13	 0





Area = 0. 965 in
	 I1 = 0.22 in4
 J = 3 ^(1. 5 + 1. 5(0.2)3 + 3(0. 13)3]
1
I2= 1. 41in4 J=0. 01 in4
These properties obtained from tables within Aluminum Standards &- Data
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D,5 SAFETY DEVICES FOR THE L-BAND ARRAY TEST FIXTURES
Three bolts have been added to the X/L-band Assembly. These bolts
serve the purpose of restraining the L-band Array Module, shims or spacers
from sliding off the assembly if it is moved before the clamping hard;"are
has been torqued. Figure D-6 shows the location of the three bolts. These

















































































I SPACER	 AWSOE ANTENNA
SCREW, (NAS1832 6 16	 (' D474223-5	 SA@41482/








WASHER, LOCK (MS35 338-1 43)
NUT, (MS35338  3392)
Figure D-6 Safty bolt hole locations
Now
r?	 D. 6 PREDICTION OF ULTIMATE STRUCTURAL FAILURE OF THE L-BANDj	 MODULE
Structural analyses have indicated that ultimate structural failure of
the L-band Array, Ref. 1, will occur at fastener failure. The detailed
7
analysis showed that the drive screws, Ref. 2, had highest stress and lowest
margin of safety for a bending deformation of the array. Bas'edon a shear
strength of 160 lbs. , Ref. 3, or a shear stress of 45. 4 ksi of the drive screw,
the maximum deflection of the array is estimated to be 0. 43 inch at the
threshold of fastener failure. Based on the approximate yield stress of
30 ksi of carbon steel, the L-band array may be deformed as much as
0. 28 inch before any permanent deformation occurs.
During mechanical loading of the array, visual inspection should be
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E.1 BRASS BOARD MODEL OF AN L- BAND ARRAY MODULE
Figure E- 1 presents a photograph of an array module that was
fabricated to demonstrate the performance capabilities of a slotted waveguide
array at L-band frequencies. This module contains six waveguide linear
array elements; each waveguide element has 13 radiating slots. The cross
feed runs across the back of the aperture between the sixth and seventh rows
of radiating slots. The input guide couples into the center of the cross feed.
Half-height waveguide (4. 6 cm or 1. 6 inch high) was used throughout to
minimize the thickness of the structure. The module was designed for use
in an array of eight such modules. The various components of the module
are easily identified by a comparison of Figure E- 1 and Figure 2-3.
The radiation patterns in both E- and H-planes, gain, and VSWR of
the brassboard module were measured. Results are illustrated and discussed
below.
E.2 RADIATION PATTERNS
The measured principal plane radiation patterns of the brassboard
model are shown in Figure E-2. The aperture distribution along the long
dimension of the module was designed to give a first sidelobe level of
16. 5 dB. The small crosses on the corresponding H-plane pattern (Fig -
ure E-2(b)) indicate the design or predicted levels and positions of the side
lobe peaks. As can be seen, the agreement between theory and measurement
is excellent. Intercardinal plane patterns, which were also recorded,
showed no indications of spurious lobes.
r
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In the E-plane the array was designed for a uniformly weighted
aperture along both the array and the module.
	
This leads to an interesting
dilemma peculiar to the design of the module as the demonstration piece of
hardware;	 if the module is designed to generate a uniform distribution in the
E-plane when it is part of a full array of eight modules, it will almost cer-
tainly have a nonuniform weighting when used separately.
	
If, on the other a
hand, the module is designed to have a uniform E-plane distribution when
used as a separate module, the array amplitude distribution will be non-
uniform when a number of modules are joiner together. 	 The reason for this . z
behavior is the strong E-plane mutual coupling that exists between the
radiating slots.	 In a large antenna nearly all the slots see a common E-plane w
environment, and the mutual coupling is usually accounted for in the ,radiating
slot data used in the design. 	 In a small antenna, such as the module, if a ^
uniform aperture excitation is required, the coupling slots in the cross feed ti.
are used to correct for the edge effects and compensate for the different
behavior of the slots located close to the side of the array.
In the present design the module was designed and laid out as if it ;w
were part of a full array. 	 As a result, the mutual coupling results in an y
effective amplitude taper in the module, and the sidelobe levels are con,sid-
erably lower than the 13. 3 dB normally to be expected.
	
While it is quite
feasible to calculate what the sidelobe levels should be, in the interest of
economy this step is generally not done because the computation and the
acquisition of the specific slot data required are relatively expensive.
	 For
these reasons, an estimate of the module E-plane sidelobe levels was not
made.	 However, the E-plane sidelobes of the full, eight module array can
confidently' be predicted to be 13. 3 dB.
Two particular aspects of both the E- and H-plane patterns that should
be observed are the symmetry of the sidelobe levels and the deep clean nulls. ^.
These characteristics indicate good tolerance control of the module and small
microwave and mechanical design and construction errors.
The measured performance of the module with respect to radiation
pattern characteristics is summarized in Figures E-3 and E-4, which show





predicted curve for the 3-dB beamwidth of the H-plane pattern is also
- plotter?, ?n Figure E-4.	 The E-plane 3-dB beamwidth for the module was not
prj'!dicted because the mutual coupling effects that lead to low sidelobes in
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y Figure E-3. Measured sidelobe levels.
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The maximum theoretical gain of a planar slot array is relatively,
simple to calculate with a high degree of precision.	 The procedure is to
compute the so-called area gain from the well-known expression {
41rA_GO 
whe re
A = aperture area
X = wavelength
and then subtract the losses associated with the aperture weighting function
used for sidelobe.level control and beam shaping.
n
,	 1
A gain of 26. 9' dB was calculated for the brassboard module for the
design frequency of 1. 270 GHz.
	 A loss allowance of 0. 10 dB, which included
the calculated value for the H-plane weighting and an estimated value, based
on experience, for the E-plane weighting, was made for the aperture weight- s
ing.	 The measured gain of the module is plotted as a function of frequency
in Figure E-5.	 For purposes of comparison, the maximum theoretical gain
(G) achievable with an aperture of the module dimensions, is also plotted on j
'-the same figure.	 The difference between the two curves at any frequency ss
represents the losses due to random manufacturing.
 errors, waveguide
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x The aperture efficiency is defined at Hughes as 100 times the ratio
of the measured gain to the maximum theoretical gain of the aperture. 	 When
l^
defined in this manne"r, the efficiency becomes a measure of the success of
the ,antenna design in terms of achieving the theoretical pattern and gain
characteristics.	 In the case of the L-band module, the aperture efficiency;
w measured at 1. 270 GHz is app roximately 94PP	 percent,P
It should be noted that the gain data of Figure E-5 were measured
through a stepped half-height to full-height transition and a coaxial-to-
waveguide adapter.	 The gain was corrected for the gain reduction introduced
by the waveguide transition and adapter dissipative losses. 	 The input mis-
match losses, however, were left in the data.
y	 ? E.4 MODULE VSWR
t The input voltage standing-wave ratio (VSWR) of the module, also
measured through a stepped half-height to a full-height waveguide transition
and a coaxial-to-waveguide adapter, is plotted in Figure E -6.	 As can be
seen, the VSWR remained below 1. 4:1 over most of the bandwidth. 	 No
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i	 Figure E-6. Measured voltage standing-wave ratio of module.
E. 5` SUMMARY OF MODULE PERFORMANCE CHARACTERISTICS
t	 -
The performance of the module, as characterized by the microwave
measurements, is summarized in Table E- 1. The design objectives, which
!t	 were based on theoretical values, are also tabulated for the purposes of
comparison. Exact values of the cross polarization components of the radia-







Parameter Design Objective (at	 1.270	 Gllz)




First s i del obe, 	 dB
H-plane 16.5 -15.8
E-plane NA -17.4
Input VSWR <1.5:1 <1.3:1
Bandwidth
	
(GHz) 1.265	 to	 1.285 1.255	 to	 1.285
Cross polarization, <:30 <30
d3
Efficiency	 (relative >90 94
to weighted aper-
ture), percent
Aperture dimensions 1.04 x 2.12 x 0.04 meters 1.04 x 2.12 x 0.04 ineters
(41.1




that they implied that the module cross polarization was significantly better;
than that of the transmitting source used for the pattern measurements.
TABLE E- 1. PERFORMANCE OF L- BAND BRASSBOARD MODULE
E. 6 FULL SCALE ARRAY PERFORMANCE
z;
As a final step, the measured module data were utilized as the basis
for a prediction of the performance characteristics of a full-scale array of
eight modules. These results are given in Table E-2. It is believed that the
numbers shown represent the full array performance with the same high i















Aperture 2. 12 x 8. 33 meters(83. 28 x 328 inches)
Gain (eight times module gain less 35.3
corporate feed losses), dB









Cross polarization, dB <30
Weight (array panels, structural support, 220
thermal control systems), pounds
The estimate of the array weight. was based on the use of thin wall
(51 mm or 0. 020 inch) aluminum waveguide for the module panels and
f	 corporate feed and an aluminum honeycomb support structure. The physical
design of array and support was predicted on the assumption of a structural
resonant frequency requirement. of 25 Hz. The mechanical design did not
provide for aperture folding. Techniques for forming and maintaining the
necessary waveguide cross sections with the thin wall aluminum waveguide










E.7 L-BAND PERFORMANCE WHEN BENDING
The bending plane of the L-band Module is the H-plane of the module
and is the plane in which the distribution is tapered. Some pattern calcl ,a-
tions were made to determine the pattern variations expected . for the achiev-
able mechanical deformation. The following array-factor computer plots, as
shown in Figures E-7 through E-9, give an indication of the nature and
degree of the effects on the pattern due to the forced mechanical deformation
of the L-band module. For the planned test configuration the principal
changes will be in the H-plane pattern, The mechanical perturbation was
taken to be parabolic ( and convex) along the length of the module with the
peak displacement at the center.
Figure E--7 is the reference pattern (i, e, , that of the unperturbed
array). Figures E - 8 and E - 9 are for peak displacements of 0. 4 and
1. 2 inches. The expected working limit without permanent deformation is
0. 3 inch. As evidenced by a comparison of these, the only detectable changes
in the patterns may be the filled in first nulls. For the 0. 4 inch deflection
the calculated first sidelobe level rose less than 0. 5 dB and the main beam
power level dropped only 0. 04 dB. The computed change in beamwidth for
the same case was 0. 01 degree.
To highlight these rather small changes in pattern, the more extreme
deflection of 1. 2 inches was considered.
E.8 CONCLUSIONS
The measured performance characteristics of the L-band module 	 # ;
described in this paper demonstrate the feasibility of slotted waveguide
planar arrays for L-band SAR systems. In every respect the module exhibits
a superior level of microwave performance, and it was established that
excellent agreement between predicted and measured performance can be
obtained by the use of simple, straightforward design procedures. 1
The relatively low microwave frequencies for which this module was
designed represent the lower end of the range for which waveguide slotted
arrays are most attractive. Below L-band the dissipative loss character-




consideration for use as the feed elements. As the frequency is increased,
however, the loss advantages of the slotted waveguide configuration become
increasingly great. At the same time, the waveguide dimensions decrease
	
{	 rapidly to the point at which the volume savings that can be obtained through
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Figure E-7. Array factor pattern for the case of the unperturbed aperture plane.
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r E. 9 COMPLETE SET OF MEASURED RADIATION PATTERNS
The following sequence of 36 radiation pattern plots describes the.
~ behavior of the L-band array over the frequency range from 1 .225 MHz to
1325 MHz in the two principle planes and in the +4.5 degree intercardinal
planes.	 The patterns marked by an asterisk have been previously shown
in Figure E-2.
Pattern Page
Number Frequency Plane Number
1 1225 H E -16
2 1255 H E-17
3* 1265 H E-18
4 1270 H E-19
5* 1275 H E-20
6 1280 H E-21
7* 1285 H E-22
g 1295 H E-23
9 1325 H E-24
10 1225 E E-25
11 1255 E E- 26
12* 1265 E E-27
13 1270 E E-28
14* 1275 E E-29
15 1280 E E-30
,r 16 * 1285 E E-31
17 1295 E E-32i 18 1325 E E-33
19 1225 -450 E-34
20 1255 -450 E-35
21 1265 -450 E-36
22 1270 -450 E-37
23 1275 -450 E-38
24 1280 -450 E-39
-	 25 1285 -450 E-40
I[ 26 1295 -450 E-41
27 1325 -450 E-42
28 1225 +450 E-43
.. 29 1255 +450 E-44
30 1265 +450 _E-45^.
31 1270 +450 E-46
y' 32 1275 +450 E-47
33 1280 +450 E-48
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MULTIPACTOR AND IONIZATION BREAKDOWN
- F. 1 MULTIPACTOR BREAKDOWN
a space environment 	 or more specifically in an atmosphere whereP	 P	 l	 P
the mean free path is on the order of the electrode separation, multipactor
breakdown is a possibility.	 Qualitatively, the necessary conditions fnr
breakdown may be characterized as a resonance between the harmonic field
and the electron transit time across the electrode separation. 	 Multipacting
will, for the general electrode configuration; occur within a bounded range
of voltages for given frequency and separation. 	 The electron transit time is
related both to the field intensity (i. e , the acceleration force) and the elec-
trode separation.	 Because voltage distribution over the length of a radiating jt
or coupling slot is sinusoidal there is no lower bound on the field intensity
	 i{
for muttipacting.	 Our concern is then to determine the maximum allowable
field intensity before breakdown.
Calculations show that, for the 6 kW maximum total -power level
anticipated, the associated voltages at the coupling slots correspond to a 	 1
safe operating condition. 	 The details of the computations follow.
The feed coupling slots will have the highest point-to-point field
intensities.	 For a total power of 6 kW, each coupling slot will handle one
' eighth of this power; however, as a conservative worst case condition it was
assumed that the power transmitted by each feed slot was l kW.
	 The follow-
ing expression given by Lewis l was then used to compute the peak slot
voltage in the slot.
n
F-1




V	 (a b Zo	 rd	 TEIOP)co Z
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Evaluation for the case where
a = the waveguide width = 0. 770 inch
b = the waveguide height = 0. 200 inch
I = the slot length	 = 0. 834 inch
f = the frequency	 = 9. 7 GHz
gives
V0 = 49.2x p 1/2
	
= 1550 volts (for p	 I kW)
Figure F-1 from , ,Reference,2 depicts the multipactor breakdown
existence regions for the case of parallel plate electrodes. That reference
indicates that for the case of a thin-walled slot, the breakdown voltage is
substantially higher than that predicted for parallel plates of separation equal
to the planned slot width, At a frequency of 9. 7 GHz and a corresponding
plate separation or slot width of 0. 236 cm (0. 093 inch) the breakdown voltage
is approximately 1500 volts. This operating point is Plotted approximately
on the graph of Figure F-1. It is evident that, at worst, an order of
magnitude higher voltage will be required to cause multipacting. In the case
of a slot of the same width in a thin walled waveguide, the breakdown voltage
will be substantially increased. The conclusion is that the safety factor
against multipactor breakdown is substantial at the prescribed total power of
6 M Thus, no breakdown problems are anticipated for a normal space
environment.
11
At 9. 3 GHz and with a SLOt width 01 U. 0045 inch in a 0. UZO inch
thick wall, no breakdown was observed for voltages as high as
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Figure F-1. Multipecting existence regions.
2 IONIZATION BREAK DOWNF. ON	 ^ W
i	 During the design review, the potential problem of ionization RF
^	 i
I	 breakdown in the X-Band array was discussed. It was speculated that break-
down due to ionization mightoccur due to the possible existence of a thin
but discernible localized "atmosphere'." in the shuttle bay; Such a. local
n	





bay and also from gases trapped in the bay before launch. Because of the
lack of data as to the pressure and nature of such an atmosphere, it is not
possible to arrive at a definite conclusion about such breakdown, However,
{	 estimates were made of ionization breakdown power in the array at specifiedi
i pressure "levels.
For this breakdown mechanism the feed coupling slot is again the
'	 l	 th	 t ^	 h	 ^,eritica elernent in e sys em. T e availa Ie dam and techniques on ion-
i,zation cannot be directly applied to the slot geometry, but as an approxima-
tion, the slot may be treated as a waveguide' of height and width correspond-
in;g to the slat width and length, The riot field is approximated by the TF10
field in the equivalent waveguide. From the theory and results for ionization
in rectangular waveguide operating in the dominant mode (Reference 3), we
obtain the graphs of Figures F-2 and F-3. The plot is of threshold power in
kilowatts versus pressure in millimeters of mercury, at a temperature of
20°C. The results indicate ionization breakdown levels within the slots of
3 kW at 58, 000 feet and 1 kW at 72, 000 feet. The worst ;case conditions cor-
respond to a pressure of 10 mm Hg. Breakdown at this level is predicted at
a power of 0. 45 kW,
It should be emphasized that this data is obtained using the procedure
developed for waveguides. In the case of the slot, the expected additional
equivalent losses caused by diffusion of the ionized electron density suggests
that the performance of the slot should be better than predicted by the
waveguide approximation.
From the foregoing it is clear that an adequate margin of safety in
ionization breakdown levels exists at pressure attitudes of up to 72, 000 feet.
As the pressure decreases beyond this point, the slots become vulnerable to
breakdown at the assumed operating power level. However, it is -anticipated
that the actual pressure in the array in orbit will be very much less than the
lowest pressures considered in this analysis. Because the breakdown power
eventually increases rapidly as the pressure continues to lower, it is possible
that breakdown will not occur. However, as stated previously, better shuttle
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